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Supplementat ion of Qpaque-2 and Normal Corn With Lysine and 
Tryptophan for Finishing Swine 
John G .  Volz , Richard C .  Wahlst rom and George W .  Libal 
Two of the mos t  limiting amino acids required in the diets of swine are lys ine 
and tryptophan. Regular corn varieties contain approximately 0 . 25% lysine and 0 . 08% 
tryptophan , while the requirement for optimum growth of the finishing pig is approxi­
mately 0 . 57% lysine and 0 . 1 1% tryp tophan . The refore , corn mus t be supplemented with 
protein supp lements that contain much higher levels of lysine and tryptophan in 
order to obt ain balanced diets and reach maximum performance . A few years ago 
scientis ts dis covered that corn containing a gene called opague-2 contained from 
50 to 100% more lysine and about 50% more tryp tophan than normal corn . 
The obj ective of this experiment was to evaluate the adequacy of normal and 
opague-2 corn as sources of lys ine and tryptophan for finishing swine . The criteria 
used to measure the value of these two amino acids were growth performance and 
carcass data.  
Experimental Procedure 
Ninety-six crossbred pigs averaging 123  lb . were divided into 24 lots on the 
basis of sex, weight  and ancestry . These lots we re then randomly assigned to each 
of eight treatments which were as fo llows : 
1 .  Opague-2 corn 
2 .  Opague-2 corn plus 0 . 1% L-lysine 
3 .  Opague-2 corn plus 0 . 04% L-tryptophan 
4 .  Opague-2 corn plus 0 . 1% L-lysine and 0 .04% L-tryp tophan 
5 .  Normal com-soybean meal ration , 12 . 6% protein 
6 .  Normal corn plus 0 . 2% L-lysine 
7 .  Normal corn plus 0 . 04% L-tryp tophan 
8 .  Normal corn plus 0 . 2% L-lysine and 0 . 04% L-tryptophan 
The composition of the rations fed is shown in table 1 .  All diets were sup­
plemented with 'minerals and vitamins . Feed and water were provided ad libitum. 
Pigs were housed in uninsulated , wooden houses placed on concrete and had access 
to concrete outside lots where feeders and waterers we re located . The experiment 
was conducted from mid-March to mid-May . 
The amino acid contents of the normal and high-lysine corns are shown in tab le 2 .  
The two corns , which were supp lied by Troj an Seed Company , Olivia , Minnesota , were 
of the same variety and diff ered only in the genes incorpor�ting amino acids . 
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Res ults 
The growth performance data are summarized in tab le 3 .  Treatment means for 
average daily gain ranged from 1 . 17 to 1 . 86  lb . for the eight treatments. Pigs fed 
the normal corn-lysine supp lemented diet gained the slowest of the eight treatments ,  
1 . 1 7 lb . per day . With the exception of the pigs fed the opaque-2 corn plus trypto­
phan , pigs fed the other opaque-2 diets gained significantly more than the pi gs 
fed the normal corn supplemented with eithe r lysine or tryp tophan alone . The pigs 
fed the opaque-2 corn plus tryp tophan die t  did gain significantly more than the 
pigs fed the normal corn diet supp lemented wi th lys ine . There we re no significant 
differences between the opaque-2 corn die ts and the normal corn supp lemented with 
both lysine and t ryp tophan . The normal corn-soyb ean meal diet resulted in the 
fas tes t gains of 1 . 86 lb . per day . The growth rat es of the pigs fed the opaque-2 
diets indicate that opaque-2 corn is adequate in lysine and tryptophan , and there 
is no benefi t in supp lementation wi th these amino acids . 
Required units of feed pe r unit of gain for the eight treatments ranged from 
3 . 54 to 4 . 9 7 .  Feed e fficiency also was the best for pigs fed the normal corn­
soybean meal die t , 3 . 54 .  Pigs fed the opaque-2 diets gained more e fficiently than 
pigs fed the normal corn diets supplemented with ei ther lysine or tryptophan . Again , 
there were no signi ficant differences between opaque-2 diets and the normal corn 
supplemented with tryp tophan had the poorest feed efficiency , 4 . 9 7 .  
Treatments did not signi ficantly affect feed consumption , although pigs fed 
the normal corn supp lemented with lysine and the opaque-2 corn supplemented wi th 
tryp tophan ate noticeab ly less fee d .  Average feed consumption ranged from 5 . 6 1  
t o  6 . 80 for the eight treatments . 
The carcass data are sunnnarized in table 4 .  There we re no signi ficant dif­
ferences in carcass measurements due to treatment . Although there were no dif­
ferences in carcass measurements , there were several differences in tissue analyses . 
Pigs fed the opaque-2 corn plus lysine die t  produced carcasses with the mos t  
protein and the leas t amount o f  fat , while pigs fed the normal corn die t supple­
mented wi th t ryptophan produced carcasses with the leas t amount of protein and 
the most fat . Als o , normal corn diets supp lemented with both lys ine and tryp tophan 
produced carcasses yielding more protein and less fat than the carcasses produced 
by normal corn diets supp lemented with ei ther lysine or trypt ophan alone . 
The average dai ly gain , feed efficiency and carcass data indicate that per­
formance of finishing pigs fed opaque-2 corn supplemented with vitamins and minerals 
was superior to that of pigs consuming normal corn die ts supplemented with either 
lys ine or t ryp tophan . In most cases pigs cons tuning the normal corn die t  supple­
mented with both lysine and tryp tophan performed similarly to pigs fed opaque-2 
corn diets . Since pigs fed the corn-soybean meal diet gained at a faster and 
more e fficient rate than those pigs fed opaque-2 corn supplemented die t s ,  it would 
appear that ei ther total protein was lacking in the opaque-2 die t s  or other essential 
amino acids were deficient . Although pigs fed normal corn diets supplemented 
with either lysine or tryp tophan alone did not perform equal to the opaque-2 diets , 
it  appears that when both of these essential amino acids are added t he performance 
of finishing swine is comparab le .  
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Sunnnary 
Ninety-six crossb red pigs weighing 1 2 3  lb . were fed normal and opaque-2 corn 
die ts supplemented with either lysine, tryptophan or both of these amino acids . 
From the performance and carcass data of the pi gs in this experiment , it appears 
that opaque-2 corn is a be t ter  source of lys ine and tryp tophan . It  is also possib le 
that the amino acids are in a better balance in opaque-2 corn than in normal corn .  
Although the pigs fed the supplemented o paque-2 diets performed b etter than the 
pigs cons uming supp lemented normal corn d iets , they did not perform as well  as 
the pigs fed the normal com-soybean meal die t . Also , it was shown that normal 
corn could be supp lemented with both lysine and tryptophan and the performance 
of finishing swine would be comparable to the opaque-2 die ts . 
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Tab le 1 .  Composi tion of Diets (Percent) 
Treatment 
Opaque-2 + Normal Normal Normal Normal corn + 
Qpaque-2 Opaque-2 0 . 1% L-lysine corn- corn corn 0 . 2% L-lysine 
+ 0 . 1% + 0 . 04% and 0 . 04% soyb ean + 0 . 2% + 0 . 04% and 0 . 04% 
Ingredient Opaque-2 L-lysine L-tryptophan L-t ryptophan meal L-lysine L-t ryptophan L-tryptophan 
Normal corn -- -- -- -- 85 . 49 9 7 . 18 9 7 . 34 9 7 . 14 
Opaque-2 corn 9 7 .  38 9 7 . 28 97 . 34 97 . 24 
Soybean meal ( 44%) -- -- -- -- 12 . 06 
Trace mineralized salt 
(0 . 8% zinc) 0 . 5  0 . 5  0 . 5  0 . 5 0 . 5  a 0 . 94 0 . 94 0 . 94 0 . 94 0 . 74 Dicalcium phosp hate 
Limes toneb 0 . 78 0 . 78 0 . 78 0 . 78 0 . 8 1  
0 . 5  0 . 5  0 . 5  
0 . 94 0 . 94 0 . 94 
0 . 78 o. 78 0 . 78 
Premixc 0 . 4  0 . 4  0 . 4 0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  
L-lysine -- 0 . 1  -- 0 . 1 0 . 2  -- 0 . 2  
L-t ryptop han -- -- 0 . 04 0 . 04 0 . 04 0 . 04 
a 
b 24% calcium and 2 1% phosp horus . 39% calcium. c Premix contained pe r lb . of diet : vitamin A, 1 19 1 . 75 IU ; vitamin D, 1 1 9 . 1 75 IU ; riboflavin, 1 . 875 mg ; 
pantot henic acid , 7 . 5  mg; niacin , 1 5  mg; and vitamin B 12 , 1 1 . 25 milligrams . 
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Table 2 .  Amino Acid Content of Ingredients Used (Percent) a 
(Chemical Analysis ) 
Ingredient 
Normal 
yellow Opaque-2 Soybean 
Amino Acid corn corn meal 
Lysine 0 . 3450 0 . 4457  2 . 946 
His tidine 0 . 4084 0 . 3496 1 .  300 
Annnonia 0 . 2888 0 . 2859 1 . 1 12 
Arginine o .  7 150 0 . 76 5 3  3 . 5 80 
Tryp tophan 0 . 09 70 0 . 1690 1 . 55 0  
Asp artic acid 0 . 6 8 1 7  0 . 9032 6 . 350 
Threonine 0 .  35 70 0 .  3886 2 . 060 
Se rine 0 . 4762  0 . 55 2 2  2 . 9 30 
Glutamic acid 2 . 5 180 0 . 0420 12 . 250 
Pro line 1 . 5240 0 . 87 2 7  2 . 6 20 
Glycine o. 4560 0 . 50 37 2 . 250 
Alanine o .  7265 0 . 6 266 2 . 370 
Half cys tine 0 . 1 343 0 . 1 690 0 . 650 
Valine 0 . 505 7 0 . 5453 2 . 520 
Methionine 0 . 17 9 7  0 . 1838 0 . 590 
Isoleucine 0 . 2 775 0 . 3363 2 . 320 
Leucine 0 . 0 389 0 . 86 35 3 . 870 
Tyrosine 0 . 3780 0 .  3226 1 . 8 10 
Phenylalanine 0 . 475 1 0 . 42 16 2 . 350 
--
a On a dry matter basis . 
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Table 4 .  Effect of Amino Acid Supp lementation of Opaque-2 and Normal Corn 
on t he Carcass Characteris tics of Finis hing Swine 
Opague-2 + Normal Normal Normal 
Opaq,ue-2 Opaq,ue-2 0 . 1% L-lysine corn- corn corn 
+ 0 . 1% + 0 . 04% and 0 . 04% soybean + 0 . 2% + 0 . 04% 
Opague-2 L-lysine L-t ryp tophan L-tI:Yptophan meal L- lysine L-tI:Yptophan 
Number of pigs a 6 6 6 6 6 6 6 
Carcass measurements 
Dressing percent 69 . 90 69 . 53 68 . 88 70 . 62 69 . 5 1  70 . 14 69 . 31  
Carcass length,  in.  30 . 03 30 . 13 29 . 87 29 . 75 30 . 22 30 . 10 29 . 78 
Carcass weight , lb . 150 . 8  152 . 2  146 . 7  149 . 6  1 49 . 9  1 33 . 8  142 . 1  
Percent ham 1 9 . 92 22 . 57 20 . 48 2 1 . 78 2 1 . 85 2 1 . 14 20 . 8 1  
Percent loin 1 7 . 37 1 8 . 36 16 . 55 17 . 08 18 . 89 1 7 . 9 8 16 . 66 
Ham and loin percent 37 . 28 40 . 9 3 37 . 0 3  38 . 86 40 . 74 39 . 1 3 37 . 47 
Loin eye area , sq . in . 4 . 39 5 . 0 1  4 . 06 4 . 53  4 . 9 4  4 . 34 4 . 20 
Backfat , in . 1 . 26 1 . 2 1  1 . 20 1 . 17 1 . 20 1 . 14 1 . 29 
Tissue analysis 
Percent water 70 . 26 73 . 60 7 1 . 9 8 72 . 32 72 . 29 72 . 25 69 . 35 
Percent protein 20 . 54 2 1 . 45 20 . 50 20 . 9 7  2 1 . 59 20 . 38 19 . 0 7  
Percent fat 8 . 15 4 . 0 1  6 . 62  5 . 25  4 . 45 5 . 98  10 . 05 
a 
Barrows from three replicated lots of four pigs each. 
Normal corn + 
0 . 2% L-lysine 
and 0 . 04% 
L-t I:Yptophan 
6 
69 . 78 
29 . 60 
142 . 4  
2 1 . 1 1 
1 7 . 87 
38 . 9 8  
4 . 6 1 
1 . 20 
72 . 73  
2 1 . 0 1 
5 . 17 
Table 3 .  Effect o f  Amino Acid Supp lementation o f  Opaque-2 and Normal Corn 
on Growth Performance of Finishing Pigs 
Opague-2 + Normal Normal Normal Normal corn + 
Opague-2 0,Eague-2 0 . 1% L-lysine corn- corn corn 0 . 2% L-lysine 
+ 0 . 1% + 0 . 04% and 0 . 04% soybean + 0 . 2% + 0 . 04% and 0 . 04% 
Qpague-2 L-l ysine L-tryptophan L-tryptophan meal L-lysine L-tryptophan L-tryptophan 
---�---------- -- ----�� 
Numbe r of pigs a 12  12 12 12  12  12  12  12  
Avg . initial wt . ,  lb . 1 23 . 3  1 2 3 .  2 122 . 9  1 2 1 . 4  123 . 4  1 24 . 3  1 2 3 .  3 1 2 3 .  6 
Avg . final wt . ,  lb . 1 80 . 3  1 8 1 . 3 1 74 . 9  180 . 5  188 . 7  165 . 3 17 1 . 2  1 76 . 8  
Avg . daily gain , lb . 
Rep 1 1 . 6 2  1 . 6 3  1 . 53 1 . 5 7  1 . 92  1 . 20 1 .  2 1  1 . 59 
Rep 2 1 . 42 1 . 6 8 1 . 28 1 . 84 1 . 8 1 1 . 06 1 .  38 1 . 55 
Rep 3 1 . 84 1 . 68 1 . 65 1 . 6 7  1 . 86 1 . 25 1 .  5 1  1 . 42 
..,) Avg . 1 . 6 3 1 . 66 1 . 49 1 . 69 1 . 86 1 . 1 7 1 .  37 1 . 52 ::- 0\ 
Avg . daily feed, lb . 
Rep 1 6 . 24 6 . 24 6 . 05 6 . 76 6 .  7 1  5 .  32 6 . 02 5 . 9 6  
Rep 2 6 . 75 6 . 79 5 . 66 6 . 9 1  6 .  30 5 . 12 7 .  36 5 . 69 
Rep 3 7 . 25 6 . 16 6 .  79 6 . 33 6 . 69 6 . 39 7 . 02 6 . 38 
Avg . 6 . 75 6 . 40 6 . 17 6 . 6 7 6 . 57  5 . 6 1  6 . 80 6 . 0 1  
Avg . feed/gain 
Rep 1 3 . 89 3 . 84 3 . 99 4 . 32 3 . 5 1 4 . 40 4 . 9 8  3 . 76 
Rep 2 4 .  72 4 . 07  4 . 43 3 . 74 3 . 49 4 . 85 5 . 32 3 . 70 
Rep 3 3 . 93  3 . 68 4 . 12 3 . 79 3 . 62 5 . 09 4 . 62 4 . 46 
Avg . 4 . 18 3 . 86 4 . 18 3 . 95 3 . 54 4 .  78 4 . 9 7  3 . 9 7  
a 
Three replicated lots of four pigs each.  
